transmembrane parts. Two major outstanding issues are the pathways of the ions to and from the transmembrane binding sites and a detailed understanding of the large scale conformational changes among various functionally relevant states. We have applied all-atom molecular dynamics (MD) and string method with swarms-of-trajectories to study transition pathways among various experimental structures. The size of the system (291,000) and the time-scale involved in the large scale motions prohibit the use of brute-force unbiased simulations to obtain statistically meaningful information. To circumvent this challenge, the string method with swarmsof-trajectories is used to discover the optimal minimum free energy path between the two end-states. The path, which is represented as a chain of states or images in the space of relevant collective variables, is optimized by iterating two steps: moving each image along the drift calculated from an ensemble (swarm) of short unbiased MD trajectories initiated from the image and a reparametrization procedure that keeps all the images equidistant. We hope to understand the molecular details of the complex motions involved in the conformational transitions by studying the pathways produced by the string method and correlating these observations to available structural and biochemical experiments. -binding sites plays an essential role in activation as it facilitates the conversion from E2 to E1 states of SERCA. However, the mechanism by which protonation-dependent structural transitions facilitate activation of the pump is still unclear. Here, we performed 3.6-ms all-atom MD simulations of protonated and deprotonated SERCA starting from the crystal structure of the inactive E2 state. We observed that protonation of residues Glu309, Glu771 and Glu908 lock SERCA in a conformation similar to the crystal structures of the E2 state. Upon deprotonation, metal ion binding from the solution containing KCl assists partial formation of Ca 2þ -binding site I, which results in kinking of transmembrane helix 5 at positions Ser766-Ser767. We found that kinking of helix 5 induces structural changes that propagate rapidly to the transmembrane and cytoplasmic domains, destabilizing the E2-like structure of the pump and populating an intermediate state stabilized by binding of lipid molecules to a non-annular site located between transmembrane helices 3 and 5. We propose that nonselective metal ion binding following deprotonation of SERCA initiates protonationdependent destabilization of the E2 state and eventual formation of the partially active E1 state of the pump. This work was supported by the AHA (12SDG12060656 to L.M.E.-F.), the NIH (GM27906 to D.D.T.) and the Minnesota Supercomputing Institute. Department of Physiology, Johns Hopkins University, Baltimore, MD, USA. The membrane protein pump SERCA, is a Ca-ATPse that is wellcharacterized from a structural perspective, with x-ray conformations known for the major states of the pump cycle. Yet, understanding the role of the environment in supporting a state and in enabling transitions between states continues to be a major research challenge. To address these environmental influences we have concentrated our efforts on two of the pump cycle transitions. We now present analysis of a set of four all-atom explicit bilayer simulations of SERCA states (1WPG, 2AGV, 3AR2, and 2ZBD) that we performed using Anton (PSC) and Lonestar (XSEDE) resources. These are to be compared with our previous computations of SERCA using implicit solvent and coarse-grained models. The prior results (J. Mol. Biol.422:575-593 (2012) ; Proteins 80(8):1929 Proteins 80(8): -1947 Proteins 80(8): (2012) suggested an important role of compensation between different environment and protein domains as central to the transitions. We now extend those results with analysis of the explicit bilayer, water, salt and co-factor simulations. An intriguing initial result is that the presence of calcium changed the fluctuations seen in the 3AR2 state. We have used electron paramagnetic resonance (EPR) at X and Q band to probe the structural dynamics of the integral membrane protein phospholamban (PLB), as a function of phosphorylation and addition of its regulatory target, the sarcoplasmic reticulum calcium ATPase (SERCA). We found previously that PLB remains bound to SERCA after phosphorylation, suggesting that a structural transition within the SERCA-PLB complex is responsible for relief of inhibition. Our current goal is to elucidate this mechanism through orientation and accessibility EPR, supporting rational design of therapies to improve calcium transport in muscle cells. We used the monomeric mutant AFA-PLB with the rigid spin label TOAC incorporated within the transmembrane domain. This protein was reconstituted with purified SERCA into lipid bicelles and magnetically aligned at both X and Q band field strength, allowing for a robust global fitting approach. We measured changes in PLB tilt upon phosphorylation, in the absence and presence of SERCA. Experiments were performed in the Biophysical Spectroscopy Center at the University of Minnesota. This work was funded by grants from NIH (R01 GM27906, P30 AR0507220, and T32 AR007612).
transmembrane parts. Two major outstanding issues are the pathways of the ions to and from the transmembrane binding sites and a detailed understanding of the large scale conformational changes among various functionally relevant states. We have applied all-atom molecular dynamics (MD) and string method with swarms-of-trajectories to study transition pathways among various experimental structures. The size of the system (291,000) and the time-scale involved in the large scale motions prohibit the use of brute-force unbiased simulations to obtain statistically meaningful information. To circumvent this challenge, the string method with swarmsof-trajectories is used to discover the optimal minimum free energy path between the two end-states. The path, which is represented as a chain of states or images in the space of relevant collective variables, is optimized by iterating two steps: moving each image along the drift calculated from an ensemble (swarm) of short unbiased MD trajectories initiated from the image and a reparametrization procedure that keeps all the images equidistant. We hope to understand the molecular details of the complex motions involved in the conformational transitions by studying the pathways produced by the string method and correlating these observations to available structural and biochemical experiments. -binding sites plays an essential role in activation as it facilitates the conversion from E2 to E1 states of SERCA. However, the mechanism by which protonation-dependent structural transitions facilitate activation of the pump is still unclear. Here, we performed 3.6-ms all-atom MD simulations of protonated and deprotonated SERCA starting from the crystal structure of the inactive E2 state. We observed that protonation of residues Glu309, Glu771 and Glu908 lock SERCA in a conformation similar to the crystal structures of the E2 state. Upon deprotonation, metal ion binding from the solution containing KCl assists partial formation of Ca 2þ -binding site I, which results in kinking of transmembrane helix 5 at positions Ser766-Ser767. We found that kinking of helix 5 induces structural changes that propagate rapidly to the transmembrane and cytoplasmic domains, destabilizing the E2-like structure of the pump and populating an intermediate state stabilized by binding of lipid molecules to a non-annular site located between transmembrane helices 3 and 5. We propose that nonselective metal ion binding following deprotonation of SERCA initiates protonationdependent destabilization of the E2 state and eventual formation of the partially active E1 state of the pump. This work was supported by the AHA (12SDG12060656 to L.M.E.-F.), the NIH (GM27906 to D.D.T.) and the Minnesota Supercomputing Institute. Department of Physiology, Johns Hopkins University, Baltimore, MD, USA. The membrane protein pump SERCA, is a Ca-ATPse that is wellcharacterized from a structural perspective, with x-ray conformations known for the major states of the pump cycle. Yet, understanding the role of the environment in supporting a state and in enabling transitions between states continues to be a major research challenge. To address these environmental influences we have concentrated our efforts on two of the pump cycle transitions. We now present analysis of a set of four all-atom explicit bilayer simulations of SERCA states (1WPG, 2AGV, 3AR2, and 2ZBD) that we performed using Anton (PSC) and Lonestar (XSEDE) resources. These are to be compared with our previous computations of SERCA using implicit solvent and coarse-grained models. The prior results (J. Mol. Biol.422:575-593 (2012) ; Proteins 80(8):1929 Proteins 80(8): -1947 Proteins 80(8): (2012 ) suggested an important role of compensation between different environment and protein domains as central to the transitions. We now extend those results with analysis of the explicit bilayer, water, salt and co-factor simulations. An intriguing initial result is that the presence of calcium changed the fluctuations seen in the 3AR2 state. We have used electron paramagnetic resonance (EPR) at X and Q band to probe the structural dynamics of the integral membrane protein phospholamban (PLB), as a function of phosphorylation and addition of its regulatory target, the sarcoplasmic reticulum calcium ATPase (SERCA). We found previously that PLB remains bound to SERCA after phosphorylation, suggesting that a structural transition within the SERCA-PLB complex is responsible for relief of inhibition. Our current goal is to elucidate this mechanism through orientation and accessibility EPR, supporting rational design of therapies to improve calcium transport in muscle cells. We used the monomeric mutant AFA-PLB with the rigid spin label TOAC incorporated within the transmembrane domain. This protein was reconstituted with purified SERCA into lipid bicelles and magnetically aligned at both X and Q band field strength, allowing for a robust global fitting approach. We measured changes in PLB tilt upon phosphorylation, in the absence and presence of SERCA. Experiments were performed in the Biophysical Spectroscopy Center at the University of Minnesota. This work was funded by grants from NIH (R01 GM27906, P30 AR0507220, and T32 AR007612).
2950-Pos

2951-Pos
2953-Pos Board B645
The Mechanism of Uncoupling ATP Hydrolysis and Calcium Transport in Serca by Sarcolipin Alysha A. Dicke 1 , Kaustubh R. Mote 2 , Gianluigi Veglia 1,2 . 1 Department of Biochemistry, Molecular Biology, and Biophysics, University of Minnesota, Minneapolis, MN, USA, 2 Department of Chemistry, University of Minnesota, Minneapolis, MN, USA. The interactions of sarcolipin (SLN) with the sarco(endo)plasmic reticulum Ca 2þ ATPase (SERCA) causes uncoupling of SERCA's ATP hydrolysis and Ca 2þ -transport activities. SERCA is an integral component of proper muscle function. It is one of the key proteins responsible for re-establishing the low cytosolic Ca 2þ concentrations needed for normal muscle contraction. When SLN is bound to SERCA, fewer moles of Ca 2þ are transported per mole of ATP hydrolyzed, which leads to an increase in the heat released. By using solid-state nuclear magnetic resonance spectroscopy and functional assays, we demonstrate that it is the topological coupling between these proteins that is important for the regulation of SERCA. It is through the interactions of their transmembrane regions as well as the interactions of SLN's lumenal tail that lead to uncoupling. These results also provide insight into the mechanism for non-shivering, muscle-based thermogenesis. Sarco(endo)plasmic reticulum Ca(2þ)ATPase (SERCA) pump activity is modulated by phospholamban (PLB) and sarcolipin (SLN) in cardiac and skeletal muscle. Our recent data suggest that SLN plays a role in muscle thermogenesis by promoting uncoupling of the SERCA pump (Bal, N. C., Maurya, S. K., Sopariwala, D. H., Sahoo, S. K., Gupta, S. C., Shaikh, S. A., Pant, M., Rowland, L. A., Bombardier, E., Goonasekera, S. A., Tupling, A. R., Molkentin, J. D., and Periasamy, M. (2012) Nat. Med. 18, 1575 Med. 18, -1579 , but the mechanistic details are unknown. To better define how binding of SLN not PLB to SERCA promotes uncoupling of SERCA, we compared SLN and SERCA1 interaction with that of PLB in detail. We used chemical cross-linking to study the dynamic protein-protein interaction. Our studies reveal that SLN differs significantly from PLB: 1) SLN primarily affects the Vmax of SERCAmediated Ca(2þ) uptake but not the pump affinity for Ca(2þ); 2) SLN can bind to SERCA in the presence of high Ca(2þ), but PLB can only interact to the ATP-bound Ca(2þ)-free E2 state; and 3) unlike PLB, SLN interacts with SERCA throughout the kinetic cycle and promotes uncoupling of the SERCA pump. Using SERCA transmembrane mutants, we additionally show that PLB 584a Tuesday, February 18, 2014 
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